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© Semiconductor optical switch and array of the same. 



© A semiconductor optical switch and an optical 
switch array for use in an optical logic circuit, 
photonic switching, OEIC, etc., wherein a light am- 
plifying means (102) is provided on a bypass 
waveguide (101) that connects a plurality of optical 
waveguides (109), thereby enabling improvement of 



the light crosstalk and the light propagation loss. In 
particular, according to the arrangement of the 
present invention that a light amplifying means (102) 
is provided in addition to a deflecting portion (110), 
no noise component is amplified and therefore the 
SN ratio is markedly increased. 
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BACKGROUND OF THE INVENTION 



1. Field of the Invention 

The present invention relates to an optical 
switch having waveguides. More particularly, the 
present invention pertains to a semiconductor op- 
tical switch, which is suitable for use in an optical 
integrated circuit or opto-electronic integrated cir- 
cuit employed for optical computing, optical in- 
formation transmission, etc. 

2. Description of the Related Art 

The inventors of this application have already 
made some proposals concerning the structure of 
semiconductor optical switches, i.e., a semiconduc- 
tor waveguide type optical switch which has a short 
device length and therefore enables large scale 
integration on a semiconductor substrate, a slip 
structure type optical switch and an integrated 
semiconductor waveguide type optical switch which 
is employed for an photonic switching . We dis- 
cussed them, for example in IEEE Journal on Se- 
lected Areas in Communications, J-SAC-6, pp. 
1262-1266. 1988. 

The structure of the optical switch array and 
that of an optical switch constituting the array, 
which have heretofore been proposed by the 
present inventors, will be explained with reference 
to FIGURES 2A, 2B and 2C. A 4 x 4 optical switch 
array is shown in FIGURE 2A. A plurality of optical 
waveguides are provided on a semiconductor sub- 
strate. The plurality of waveguides have a plurality 
of X-crossing waveguides and are optically coupled 
to optical fibers 20,1 on the signal input side and 
optical fibers 202 on the signal output side. An 
enlarged view of a unit cell of an optical switch that 
constitues an X-crossing waveguide is shown in 
FIGURE 2B. An additional waveguide is connected 
to respective parts of waveguides that cross each 
other in the shape of an X, thus defining two Y- 
branches 203. These waveguides 206 are pro- 
duced in such a manner that a semiconductor 
material, for example, inGaAsp, is grown on an InP 
substrate 204 to provide a layer 205, which is then 
subjected to. for example, reactive ion-beam etch- 
ing using Ct2 or the like with a photoresist used as 
a mask, thereby forming a ridge-shaped structure. 
The sectional area of the ridge waveguides 206 is 
about 5 urn width x 1.5 urn height. The sectional 
view of the optical switch shown in FIGURE 2B, 
taken along the line A-A\ is shown in FIGURE 2C. 
On the InP substrate 204 are successively grown a 
waveguide layer 205 (bandgap wavelength: 1.15 
um) of n-lnGaAsP, a cladding layer 206 of n-lnP 



and a cap layer 207 of n-lnGaAsP by ordinary LPE 
{Liquid Phase Epitaxy) method. After a carrier in- 
jection region 209 has been formed by diffusion of 
Zn or the like, an insulator layer 208 of Si02 or the 

5 like and a p-side eiectrode 210 are formed thereon 
by evaporation or other similar means. An n-side 
electrode 211 is similarly provided on the reverse 
side of the InP substrate 204. This optical switch, 
which utilizes a refractive index change on the 

10 basis of carrier injection, is relatively large "in the 
amount of change in the refractive index of the 
constituent material and therefore "Suitable, particu- 
larly, for fabricating an optical switch array having 
small-sized optical switches and a large number of 

75 light input and output waveguides. 

However, it was found as a result of further 
studies made by the present inventors that the 
above-described optical switch or optical switch 
array involves some propagation losses, for exam- 

20 pie, increases in the loss and crosstalk caused by 
scattering of light at the branches and inferior op- 
tical switch characteristics, and waveguide loss in- 
trinsic to the waveguides. These propagation 
losses are technical problems which cannot be 

25 ignored when it is intended to integrate optical 
switches in a large size and at a high density. 

SUMMARY OF THE INVENTION 

30 

The present invention aims at solving the 
above-described technical problems of the prior art 
and relates to an optical switch having novel func- 
tions and an- optical switch array employing the 
35 same. 

According to one aspect of the present inven- 
tion, there is provided a semiconductor optical 
switch comprising: a first waveguide for guiding a 
light wave; a second waveguide for guiding the 

40 light wave; propagation direction changing means 
disposed between the first and second waveguides 
to change the direction of propagation of the light 
wave propagated through the first waveguide; a 
third waveguide connecting together the first and 

45 second waveguides to guide the light wave from 
the first waveguide to the second waveguide; and 
light wave amplifying means provided on the third 
waveguide to amplify the light wave propagated 
through the third waveguide. By providing the light 

so wave amplifying means on the third waveguide in 
addition to the propagation direction changing 
means, the light wave is amplified without am- 
plifying an unnecessary noise component, thereby 
realizing a switch of low loss. A semiconductor 

55 laser structure may be employed as the light wave 
amplifying means. Semiconductor lasers have an 
optically active region. The states of the optically 
active region may be classified into three, that is, 
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lasing state, amplifying state and absorbing state in 
accordance with the level of the carrier energy 
injected into the region. The present invention posi- 
tively utilizes the amplifying state or the absorbing 
state of the three states. Such a semiconductor 
laser structure is optically connected to the third 
waveguide. In a preferred from of the present in- 
vention, a semiconductor optical switch is realized 
by combining the above-described light wave am- 
plifying means with the propagation direction 
changing means that utilizes a change in the re- 
fractive index of a semiconductor medium induced 
by carrier injection from an electrode. According to 
one limited aspect of the present invention, the 
operating timing of the light wave amplifying means 
and the operating timing of the propagation direc- 
tion changing means are synchronized with each 
other. 

This synchronization may be obtained by ac- 
tivating the light wave amplifying means and the 
propagation direction changing means by use of a 
common electrode. 

According to another limited aspect of the 
present invention, the above-described semicon- 
ductor optical switch further comprises a fourth 
waveguide which is different from the second 
waveguide for guiding the light wave propagated 
through the first waveguide, tn such a semiconduc- 
tor optical switch, the propagation direction chang- 
ing means propagates the light wave propagated 
through the first waveguide to either the second or 
fourth waveguide in response to a signal externally 
applied to the propagation direction changing 
means. 

According to another limited aspect of the 
present invention, the above-described semicon- 
ductor optical switch further comprises a fifth 
waveguide for guiding a second light wave other 
than the first light wave propagated through the 
first waveguide. Thus, the second waveguide prop- 
agates either the first or second light wave by the 
operation of the propagation direction changing 
means in response to a signal externally applied to 
the propagation direction changing means. The fifth 
waveguide is (optically) connected to the propaga- 
tion direction changing means such that the second 
light wave propagated through the fifth waveguide 
will not be propagated through the third waveguide. 
The second waveguide propagates either the first 
or second light wave in response to a signal exter- 
nally applied to the propagation direction changing 
means. 

According to another limited aspect of the 
present invention, the light wave amplifying means 
of the above-described semiconductor optical 
switch has a monitor function for light wave dis- 
crimination. Such a semiconductor optical switch 
makes it possible to discriminate between the first 



and second light waves. As the light wave am- 
plifying means having a monitor function, the 
above-described one that utilizes a semiconductor 
laser structure may be employed, for example. The 

5 light wave amplifying means of the semiconductor 
optical switch is connected with discrimination 
means for the light wave discrimination. 

According to another aspect of the present 
invention, the light wave amplifying means of the 

10 semiconductor optical switch has a gate function. 
In this semiconductor optical switch, the light wave 
amplifying means absorbs the, Firstjight wave when 
the first light wave need not be' guided to the 
second waveguide. 

;s According to still another aspect of the present 

invention, there is provided a semiconductor optical 
switch comprising: a plurality of input waveguides 
and a plurality of output waveguides; a plurality of 
switching function portions respectively disposed at 

20 the intersections of the input and output 
waveguides: and a plurality of light wave amplifying 
means provided in the switching function portions, 
respectively. Since such a semiconductor optica! 
switch has a light wave amplifying means in each 

25 switching function portion, a specific light wave 
alone is amplified in each switching function por- 
tion. 

According to one limited aspect of the present - 
invention, the switching function portions of the 
30 above-described semiconductor optical switch have 
bypass waveguides which propagate only a light 
wave propagated through a specific one of the 
input waveguides, the light wave ampoifying means 
being respectively provided in the bypass 
35 waveguides. 

According to a further aspect of the present 
invention, there is provided a semiconductor optical 
switch which receives a plurality of input light 
waves, amplifies only a specific input light wave 
40 selected from among the input light waves and 
outputs the amplified input light wave. According to 
such a semiconductor optical switch, the specific 
output light wave includes substantially no am- 
plified input light waves other than the specific 
45 input light wave. 

According to one limited aspect of the present 
invention, there is provided a semiconductor optical 
switch array comprising a combination of a plurality 
of semiconductor optical switches as set forth 
so above. By combining together a plurality of semi- 
conductor optical switches according to the present 
invention in a parallel or multistage form, it is 
possible to realize a semiconductor optical switch 
array in which low loss and low crosstalk are 
55 achieved throughout the device. 

According to a still further aspect of the 
present invention, there is provided a semiconduc- 
tor optical switch comprising optical amplifying 
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means provided in a bypass waveguide which is 
defined by part of the slip of either a single or 
double slip structure type optical switch. 

In the prior art, the light that is guided through 
a light wave modulating means, for example, an 5 
optical switch, is after the modulation, optically 
amplified at the output end, for example.- The prop- 
agation loss in the light wave modulating means is 
compensated for by the optical amplification but, at 
the same time, an unnecessary light wave cornpo- w 
nent that is mixed in the light due to crosstalk or 
the like in the light wave modulating means is also 
optically amplified and consequently the noise 
component in the output light wave does not de- 
crease. It is necessary in order to solve this prob- 15 
lem to subject only the required light wave to 
optical amplification. However, if this optical am- 
plification is conducted before the light reaches the 
light wave modulating means, the crosstalk of the 
required light wave increases instead, which simi- 20 
larly results in a lowering in the output margin of 
the semiconductor optical switch. 

Accordingly, if the optical amplification function 
is imparted to the switching function portion of an 
optical switch, all the above-described problems 25 
are solved. More specifically, the switching function 
portion has a portion which selects a specific light 
wave (in other words, changes the direction of 
propagation), and if the light wave is optically am- 
plified after passing through this portion, it is possi- 30 
ble to amplify only the required light wave. How- 
ever, if the light is optically amplified after passing 
through the switching function portion (specifically, 
in the output waveguide), the result is the same as 
in the case of the amplification conducted at the 35 
output end. which is meaningless. It should be 
noted that the switching function portion in the 
present invention is a region which is disposed 
between an .input waveguide and an output 
waveguide and which has a function for deflecting 40 
light. 

Originally, the amplification region of a semi- 
conductor laser or the like functions as an absorb- 
ing portion when not excited and amplifies when 
sufficiently excited. The third waveguide, or the 45 
bypass waveguide that is part of the slip of either a 
single or double slip structure type optical switch, 
in the present invention has a function by which 
only an optical signal to be exchanged passes 
therethrough, which is not present in any conven- so 
tional optical switches. Therefore, if an optical am- 
plification function is imparted to this bypass 
waveguide, it is possible to enable the bypass 
waveguide to function as an absorbing portion 
when the optical switch is in an OFF-state (a state 55 
wherein no optical signal passes through the by- 
pass waveguide) and function as an amplification 
portion when the optical switch is in ON-stage {a 



state wherein an optical signal passes through the 
bypass waveguide). As a result, the crosstalk is 
markedly reduced and consequently the loss is 
reduced or the optical signal is amplified in accor- 
dance with the amplification degree in the am- 
plification portion. Further, since the optical am- 
plification portion is present inside each optical 
switch, the amplification degree can be individually 
adjusted when optical switches of the type de- 
scribed above are integrated in a large scale and it 
is therefore possible to obtain uniform characteris- 
tics of the resulting optical switch" arcay. Since it is 
also possible to convert the light absorbed in the 
optical amplification portion into an electrical signal 
and read it. the optical amplification portion can be 
used as an optical signal monitor. Accordingly, 
when the present invention is applied to an optical 
processing apparatus such as a photonic switching, 
it is possible to discriminate between cells and 
judge the end of a call, for example. If the present 
invention is employed together with a carrier injec- 
tion type optical switch system, carrier injection 
can be used for both the switching and amplifying 
functions and it is therefore possible to readily 
realize an optical switch having a small size and 
high function. Thus, it is possible to realize an 
optical switch" array for an optical exchange which 
is small in si2e and superior in crosstalk char- 
acteristics and low-loss characteristics. 

Still further advantages of the present invention 
will become apparent to those of ordinary skill in 
the art upon reading and understanding the follow- 
ing detailed description of the preferred embodi- 
ments. 



BRIEF DESCRIPTION OF THE DRAWINGS 

The invention may take form in various parts 
and arrangements of parts. The drawings are only 
for purpose of illustrating the preferred embodi- 
ments and are not to be contrued as limiting the 
invention. 

FIGURE 1A is a view for illustrating the con- 
cept of the arrangement of the present invention. 

FIGURE 1B shows one example of the 
cross-sectional structure of the amplification region 
in the bypass waveguide of , the optical switch ac- 
cording to the present invention. 

FIGURES 2 A, 2B and 2C are views for illus- 
trating a conventional optical switch and optical 
switch array proposed by the present inventors. 

FIGURES 3A and 3B are views for illustrating 
structures in the case where the present invention 
is realized in the form of single and double slip 
structure optical switches, respectively. 

FIGURES 4A, 4B and 4C are views for illus- 
trating one example of the cross-sectional structure 
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of the optical switch according to the present in- 
vention. 

FIGURE 5 is a view for illustrating one em- 
bodiment of the optical switch according to the 
present invention. 

FIGURE 6 is a view for illustrating another 
embodiment of the optical switch according to the 
present invention. 

FIGURES 7 and 9 are views for illustrating 
embodiments of the optical switch array according 
to the present invention. 

FIGURE 8 shows the structure of a conven- 
tional optical switch array. 

FIGURES 10, 11 and 12 are views for illus- 
trating the cross-sectional structures of other em- 
bodiments of the optical switch according to the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

With reference to FIGURES 1A and 1B, one 
embodiment in which the present invention is ap- 
plied to a so-called single slip structure type optica! 
switch will be explained. FIGURE 1A is a perspec- 
tive view of the optical switch, in which a bypass 
waveguide 101 which has a single slip structure is 
provided with an optical amplification portion 102. 
FIGURE 1B shows the cross-sectional structure 
(taken along the line B-b' of FIGURE 1A). of the 
bypass waveguide 101. 

In this embodiment, an InGaAsP waveguide 
layer 104 (absorption edge wavelength \g = 1.15 
jj.m), an InP barrier layer 105, an InGaAsP 
waveguide layer 106 (absorption edge wavelength 
Xg = 1.30 urn), an InP cladding layer 107 and an 
InGaAsP cap layer 108 were successively grown 
on an InP substrate 103 by LPE method. There- 
after, the InGaAsP cap layer 108 was removed and 
the InP cladding layer 107 and the InGaAsP 
waveguide layer 106 were removed except for 
those portions in the amplification region within the 
bypass waveguide by selective etching method. 
Then, an InP cladding layer 107 and an InGaAsP 
cap layer 108 were grown again on the whole 
surface. Thereafter, waveguides having the cross- 
sectional configuration shown in FIGURES 4A and 
4B were formed by ordinary lithography and etch- 
ing techniques, as being waveguides 109 which 
were out of the amplification portion and as being a 
waveguide which was in the amplification portion 
101. The waveguides thus formed had a width of 5 
urn. The X-crossing angle of the waveguides was 
14*, and the Y-branch angle of the waveguides 
was 7 " . The optical switch thus formed was pro- 
vided with carrier injection regions 110 for an op- 
tical switch operation and electrodes 112 for carrier 



injection into the associated regions by use of 
ordinary electrode forming technique. FIGURE 4C 
shows the cross-sectionaf structure of a waveguide 
including a carrier injection region 110 of the op- 

s tical switch formed as described above. To form 
the carrier injection regions 110, Zn diffusion meth- 
od was employed. Other features of the waveguide 
structure shown in FIGURES 4A and 4B are that 
the junction loss is small since the waveguide layer 

w 104 is common to the amplification portion and the 
optica! switch portion and that the polarization de- 
pendence is small since the dptical amplification 
layer 106 amplifies the evanescent component in 
the guided light. The operation of the thus pro- 

75 duced optical switch will next be explained with 
reference to FIGURES 5 and 6. In characteristic 
evaluation, semiconductor laser light having a 
wavelength of 1 .3 urn was applied to the input end 
511. In the arrangement shown in in FIGURE 5, the 

20 electrodes of the optical switch portion and the 
amplification portion were connected to provide a 
common terminal 515 to drive both the carrier 
injection portions at the same time. At that time, 
the output end 512 was substantially completely 

25 switched to the output end 513 when the injection 
current was about 200 mA, and the insertion loss 
and the crosstalk were 3 dB and -30 dB, ; respec- 
tively, which were 5 dB and 10 dB smaller than 
those of a device provided with no optical am- 

30 plifi cation portion. Next, the two carrier injection 
portions were individually driven by use of the 
arrangement shown in FIGURE 6, that is, by use of 
terminals 616 and 617 provided in connection with 
the respective electrodes of the optical switch por- 

35 tion and the optical amplification portion. When the 
optical switch portion and the optical amplification 
portion were supplied with injection currents of 
about 120 mA and about 200 mA, respectively, the 
direction of propagation of the light with a 

40 wavelength of 1 .3 urn input from the input end 61 1 
was substantially completely changed from the out- 
put end 612 to the output end 613. The insertion 
loss and the crosstalk were -2 dB and -30 dB, 
respectively. That is, it was possible to obtain a 

45 gain of 2 dB. As a result, it was possible to confirm 
the basic functions of the present invention for 
reducing or eliminating loss and reducing crosstalk. 

Although in this embodiment the range struc- 
ture shown in FIGURE 3 was employed for the 

so waveguides, it is, of course, possible to obtain the 
same advantageous effects by use of gain type 
optical waveguide structures in addition to refrac- 
tive index type optical waveguide structures such 
as those of loaded type, BH type and CSP type, 

55 which are ordinary optical waveguide structures. 
FIGURES 10, 11 and 12 respectively shows exam- 
pies of specific optical waveguide structures of 
loaded type, BH type and CSP type. When these 
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optical waveguide structures are employed, it is 
also preferable to reduce the loss in the junction 
between the amplification portion and the switch 
portion and reduce the polarization dependence in 
the amplification portion as in the ridge type 
waveguide structure of the foregoing embodiment. 
It should be noted that the reference numeral- 1 1 4 
in FIGURE 1 1 denotes a buried layer {region} 
which is a semiconductor (InP or the like) region 
for confining the light propagated through the 
waveguide region 104 and the injected current 
within the mesa region in the center. Further, al- 
though in the foregoing embodiment an InGaAsP 
material was employed as a semiconductor ma- 
terial, the same advantageous effect is also ob- 
tained by use of other semiconductor materials 
such as ili-V group semiconductor materials such 
as GaAIAs, InGaAtAs, etc. and ll-VI group semicon- 
ductor materials. 

With reference to FIGURE 7, one embodiment 
of the optical switch array according to the present 
invention will be explained. 

In this embodiment, 16 semiconductor optical 
switches of the type shown in FIGURE 1A were 
integrated to produce a complete lattice-type 4x4 
optical switch array having 4 inputs and 4 outputs, 
as shown in the figure. Since the bypass 
waveguide that is part of the slip of the single or 
double slip structure type optical switch according 
to the present invention has a function by which 
only an optical signal which is to be exchanged 
passes therethrough, which is unavailable in the 
conventional optical switches, it is possible to re- 
alize an optical exchange function which is not 
present in the prior art. With the prior art arrange- 
ment, i.e., the arrangement shown in FIGURE 8 
wherein optical amplifiers are disposed at the input 
or output ends, respectively, in an optical switch 
array, the output ends 831. 832, 833 and 834 to 
which optical signals input from the input ends 811. 
812. 813 and 814 are to be output depend on 
which ones of the switch units disposed at the 
lattice points in the optical switch array turn ON. 
and since the path, length, etc. of the waveguides 
differ depending upon each particular connecting 
condition, if the optical amplifiers 821, 822, 823 
and 824 disposed at the input or output ends are 
operated under a constant condition, it is impos- 
sible to adjust variations in loss due to the connect- 
ing condition. For example, optical signals from the 
input ends 811, 812. 813 and 814 are output to the 
output end 831 when the switch units 411, 421, 431 
and 441 turn on, respectively. Since the length and 
condition of the waveguides differ for each path, 
the loss value differs for each path, as a matter of 
course. In contrast, the optical switch array shown 
in FIGURE 7 that comprises semiconductor optical 
switches of the present invention enables adjust- 



ment loss variations due to the difference in path, 
length, etc. of the waveguides depending upon the 
connecting condition since a switch unit disposed 
at each lattice point has each individual optical 

5 amplification function. More specifically, since the 
path from an input end to an output end is uni- 
formly determined by which one(s) of the switch 
units at the lattice points turn ON, it suffices to 
unconditionally determine an amplification degree 

jo at each lattice point in accordance with the loss in 
this path. In this embodiment, in order to confirm 
this function, the optical amplification degrees of 
four switch units 311. 312. 313 and 314 in the 
arrangement shown in FIGURE 7 were individually 

is adjusted so that the optical signal input from the 
input end 711 was output to the output ends 731, 
732. 733 and 734 with the same light intensity and 
so that the insertion loss was 5 dB. The values of 
the current required were 200. 220, 230 and 250 

20 mA, respectively. Similarly, the optical amplification 
degrees of the remaining 12 switch units 321, 322, 
323. 324, 331. 332, 333. 334. 341, 342, 343 and 
344 were individually adjusted so that the optical 
signals input from the input ends 712. 713 and 714 

as were output to the output ends 731, 732, 733 and 
734 with the same light intensity and so that the 
insertion loss was 5 dB. As a result, it was possible 
to confirm the novel function of the present inven- 
tion that an optical signal input from any input end 

30 is output to any output end with the same light 
intensity. 

With reference to FIGURE 9. one embodiment 
of an optical exchange that utilizes the optical 
signal monitor function of the present invention will 

35 be explained. An optical signal input from the input 
end 91 1 was monitored on the basis of a change in 
the terminal voltage in the optica! amplification por- 
tion of each of the switch units 311, 312, 313 and 
314 (in the figure, the reference numerals 921 to 

40 924 denote optical switch unit driving power sup- 
plies having a voltage monitor circuit and therefore 
serving also as monitor means), thereby reading 
the header portion in the optical signal to discrimi- 
nate an output end to be connected from the 

45 others. In response to the signal discriminated, the 
corresponding switch unit 312 was turned ON so 
that the signal would be output to the correspond- 
ing output end 932. Further, in this state, the con- 
tents of the signal were monitored on the basts of a 

so change in the terminal voltage in the optical am- 
plification portion of the switch unit 312 to distin- 
guish the point of time of the end of the call, and 
when the call finished, the switch unit 312 was 
turned OFF to cut off the connection to the output 

55 end 932: As a result, it was possible to confirm the 
. optical signal monitor function of the present inven- 
tion and' that it is possible to realize an optical 
exchange having a high level of function. 
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Claims 

1. A semiconductor optical switch comprising: 

a first waveguide for guiding a tight wave; a second 
waveguide for. guiding said light wave; propagation 
direction changing means disposed between said 
first and second waveguides to change the direc- 
tion of propagation of said light were propagated 
through said first waveguide; a third waveguide 
connecting together said first and second 
waveguides to guide said light were from said first 
waveguide to said second waveguide; and light 
wave amplifying means provided on said third 
waveguide to amplify said light wave propagated 
through said third waveguide. 

2. The switch as set forth in claim 1, wherein 
said light wave amplifying means has an optically 
active region which is excited by carrier injection. 

3. The switch as set forth in claim 2, wherein 
said optically active region is optically connected to 
said third waveguide. 

4. The switch as set forth in claim 1 , wherein 
said propagation direction changing means 
changes the direction of propagation of said light 
wave by utilizing a change in the refractive index of 
a semiconductor medium induced by carrier injec- 
tion. 

5. The switch as set forth in claim 1 , wherein 
the operating timing of said light wave amplifying 
means and the operating timing of said propagation 
direction changing means are synchronized with 
each other. 

6. The switch as set forth in claim 5, wherein 
said light wave amplifying means and said propa- 
gation direction changing means are activated by 
use of a common electrode. 

7. The switch as set forth in claim 1, further 
comprising a fourth waveguide which is different 
from said second waveguide for guiding the light 
wave propagated through said first waveguide. 

8. The switch as set forth in claim 7, wherein 
said propagation direction changing means propa- 
gates said light wave propagated through said first 
waveguide to either said second or fourth 
waveguide in response to a signal externally ap- 
plied to said propagation direction changing 
means. 

9. The switch as set forth in claim 1, further 
comprising a fifth waveguide for guiding a second 
light wave other than the first light wave propa- 
gated through said first waveguide. 

10. The switch as set forth in claim 9, wherein 
said second waveguide propagated either said first 
or second light wave by the operation of said 
propagation direction changing means in response 
to a signal externally applied to said propagation 
direction changing means. 

1 1 . The switch as set forth in claim 9, wherein 



said fifth waveguide is connected to said propaga- 
tion direction changing means such that said sec- 
ond light wave propagated through said fifth 
waveguide will not be propagated through said 
5 third waveguide. 

12. The switch as set forth in claim 9, wherein 
said second waveguide propagates either said first 
or second light wave in response to a signal exter- 
nally applied to said propagation direction changing 

70 means. 

13. The switch as set forth in claim 1, wherein 
said light wave amplifying me'ans, has a monitor 
function for light wave discrimination. 

14. The switch as set forth in claim 13, wherein 
rs said light wave amplifying means is connected with 

discrimination means for said light wave discrimina- 
tion. 

1 5. The switch as set forth in claim 1 , wherein 
said light wave amplifying means has a gate func- 

20 tion. 

16. The switch as set forth in claim 15, wherein 
said light wave amplifying means absorbs said first 
tight wave when said first light wave need not be 
guided to said second waveguide. 

25 17. A semiconductor optical switch comprising: 

a plurality of input waveguides and a plurality of 
output waveguides; a plurality of switching function 
portions respectively disposed at the intersections 
of said input and output waveguides: and a plurality 

30 of light wave amplifying means provided in said 
switching function portions, respectively. 

18. The switch as set forth in claim 17, wherein 
each of said switching function portions amplifies 
only a specific light wave. 

35 19. The switch as set forth in claim 18, wherein 

said switching function portions have bypass 
waveguides which propagate only a light wave 
propagated through a specific one of said input 
waveguides, said light wave amplifying means be- 

40 ing respectively provided in said bypass 
waveguides. 

20. A semiconductor optical switch which re- 
ceives a plurality of input light waves, amplifies 
only a specific input light wave selected from 

45 among the input light waves and outputs the am- 
plified input light wave. 

21 . A semiconductor optical switch array com- 
prising a combination of a plurality of semiconduc- 
tor optical switches as set forth in any one of 

so claims 1, 17 and 20. 

22. A semiconductor optical switch comprising 
light amplifying means provided in a bypass 
waveguide which is defined by part of the slip of 
either a single or double slip structure type optical 

65 switch. 
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© A semiconductor optical switch and an optical 
switch array for use in an optical logic circuit, 
photonic switching, OEIC, etc., wherein a light am- 
plifying means (102) is provided on a bypass 
waveguide <101) that connects a plurality of optical 
waveguides (109), thereby enabling improvement of 

FIG 1A 




the light crosstalk and the light propagation loss. In 
particular, according to the arrangement of the 
present invention that a light amplifying means (102) 
is provided in addition to a deflecting portion (110). 
no noise component is amplified and therefore the 
SN ratio is markedly increased. 
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